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(57) ABSTRACT

A platinum/carbon nanotube catalyst applicable to hetero-
geneous asymmetric hydrogenation, which is fabricated by
supporting platinum on carbon nanotube carriers, and pre-
pared by the steps of: heating purified carbon nanotubes in
nitric acid, filtering and washing the same with water until
pH value of the filtrate becomes neutral, drying the carbon
nanotubes; immersing the carbon nanotube carriers obtained
in an aqueous chloroplatinic acid solution and carrying out
ultrasonic treatment at room temperature; immersing the
mixture of the carbon nanotubes and the aqueous chloro-
platinic acid solution under stirring; drying the material by
heating to 110° C. from room temperature and maintaining
this temperature; grinding the product to fine powders,
reducing the fine powders with an aqueous sodium formate
solution under a heating condition, filtering and washing the
product with deionized water, and drying the product.

9 Claims, 2 Drawing Sheets
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PLATINUM/CARBON NANOTUBE
CATALYST, THE PREPARATION PROCESS
AND USE THEREOF

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/201,233 which was a U.S. national phase
application entered on Oct. 21, 2011 from International
Patent Application No. PCT/CN10/00675 filed on May 11,
2010, which claimed priority from Chinese Patent Applica-
tion No. 2009-10236390.1 filed on Oct. 21, 2009, the
content of which is incorporated herein as reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present application relates to a platinum/carbon nano-
tube catalyst applicable to heterogeneous asymmetric hydro-
genation, a preparation process for the above platinum/
carbon nanotube catalyst, as well as a use of the above
platinum/carbon nanotube catalyst.

2. Description of the Related Art

Since the 1990’s, the demand for the chiral compounds of
single enantiomers in the world has been very huge and
increased year by year. At present, this demand focuses on
the fields of medicine, agricultural chemicals and fine
chemicals or the like. In the world medicine market, for
example, the sale value of drugs of single enantiomers
exceeded 172 billion $ in 2005, with an increasing rate of
about 10% per year, and exceeded 200 billion $ in 2008.
Among all the methods for obtaining the compounds of
single enantiomers, asymmetric catalysis (homogeneous
asymmetric catalysis and heterogeneous asymmetric cataly-
sis) is very important and has been widely applied in various
asymmetric syntheses.

Chiral alcohols are widely used important intermediates
for chiral drugs, which can be obtained through the asym-
metric hydrogenation of substrates containing functional-
ized keto-carbonyl group (such as ketoesters). In this
research field, the following influential works have been
reported. Baiker et al, in J. Mol. Catal., 1989, 49, 195 and J.
Mol. Catal., 1990, 61, 207, reported the asymmetric hydro-
genation of ethyl pyruvate for synthesizing chiral alcohols
on a platinum-alumina catalyst, in which an enantioselec-
tivity (ee value) they obtained was not more than 80%.
Blaser et al, in Adv. Synth. Catal., 2003, 345, 45, reviewed
the progresses including the heterogeneous asymmetric
hydrogenation of a-ketoesters, and summarized all kinds of
catalysts applied in heterogeneous asymmetric hydrogena-
tion. Wherein, the catalyst with a code of E 4759 produced
by Engelhard Co. and the catalyst with a code of 5R94
produced by Johnson Matthey Co. (both of them are com-
mercial platinum-alumina catalysts) show relative good
activity and optical selectivity in catalyzing the heteroge-
neous asymmetric hydrogenation of a-ketoesters. Until now,
the researches on heterogeneous asymmetric hydrogenation
of a-ketoesters in China and abroad have indicated that,
among all kinds of catalysts composed of the carriers and
chiral modifiers with various structures and functions
researched in heterogeneous asymmetric hydrogenation,
there have been no heterogeneous catalyst which is superior
or comparable to the dominant commercial platinum-alu-
mina catalysts in the international market when the reaction
performance and stability are concerned.
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Carbon nanotubes are novel nanomaterial with many
unique properties, which possess excellent structure and
mechanical performances, such as high strength, low den-
sity, high specific surface area, good electrical conductivity,
and show broad application prospects in the field of com-
posite functional materials, electronic industry, catalysis,
energy conversions or the like. Carbon nanotubes are also
one kind of excellent material for gas adsorption and hydro-
gen storage. Therefore, this invention carried out a research
on heterogeneous asymmetric catalytic hydrogenation based
on the novel material of carbon nanotubes, trying to achieve
a novel progress and experience in the application of carbon
nanotubes to heterogeneous catalytic hydrogenation, spe-
cifically, to heterogeneous asymmetric catalytic hydrogena-
tion, and develop a novel platinum/carbon nanotube catalyst
applicable to heterogeneous asymmetric hydrogenation.

SUMMARY OF THE INVENTION

An object of the present application is to provide a
platinum/carbon nanotube catalyst applicable to heteroge-
neous asymmetric hydrogenation.

Another object of the present application is to provide a
process for preparing the above platinum/carbon nanotube
catalyst.

Still another object of the present application is to provide
a use of the above platinum/carbon nanotube catalyst in the
reaction of heterogeneous asymmetric hydrogenation.

In order to realize the objects described above, with
regard to the platinum/carbon nanotube catalyst provided in
the present application, the platinum nanoparticles can be
loaded exclusively inside the tube cavities of carbon nano-
tubes, or can be loaded exclusively on the outer surfaces of
the tube cavities of carbon nanotubes.

The platinum/carbon nanotube catalyst of the invention
take carbon nanotubes as carriers. In the present application,
it is considered that the platinum salt used has been com-
pletely reduced to metal platinum during the reaction, and
thus, the formed platinum nanoparticles are 2-10 wt % based
on the weight of the carbon nanotubes loaded with the
platinum nanoparticles.

The present application provides a platinum/carbon nano-
tube catalyst wherein platinum nanoparticles are loaded
inside the tube cavities of carbon nanotubes, which is
prepared by the steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid with a concentration of 65-68
wt % at 110-160° C. for 4-16 hours, filtering and washing the
carbon nanotubes with water until pH value of the filtrate
becomes neutral, drying the carbon nanotubes at 50-120° C.
so as to obtain functionalized carbon nanotube carriers;

2) immersing the carbon nanotube carriers obtained in
step 1) in an aqueous chloroplatinic acid solution and
carrying out ultrasonic treatment at room temperature for
1-4 hours;

3) immersing the mixture of the carbon nanotubes and the
aqueous chloroplatinic acid solution obtained in step 2)
under stirring for 12-60 hours;

4) drying the material obtained in step 3) slowly at a
heating rate of 0.5° C./min from room temperature to 110°
C. and keeping at 110° C. for 12-48 hours;

5) grinding the product obtained in step 4) to fine pow-
ders, reducing the fine powders with an aqueous sodium
formate solution under a heating condition, filtering and
washing the product with deionized water, and drying the
product at 50-120° C. for 12-36 hours, so as to obtain a
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platinum/carbon nanotube catalyst wherein platinum nano-
particles are loaded inside the tube cavities of carbon
nanotubes.

The present application provides a platinum/carbon nano-
tube catalyst wherein platinum nanoparticles are loaded on
the outer surfaces of the tube cavities of carbon nanotubes,
which is prepared by the steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid with a concentration of 65-68
wt % at 110-160° C. for 4-16 hours, filtering and washing the
carbon nanotubes with water until pH value of the filtrate
becomes neutral, drying the carbon nanotubes at 50-120° C.
so as to obtain functionalized carbon nanotube carriers;

2) adding xylene to the carbon nanotube carriers under
stirring and carrying out ultrasonic treatment for 1-4 hours;

3) adding an aqueous chloroplatinic acid solution to the
product obtained in step 2) under stirring, and then adding
deionized water, and stirring the product continuously for
15-30 minutes;

4) after adding an aqueous solution of sodium formate
with a purity 299.5 wt % to the product obtained in step 3),
and performing reduction at 70-120° C. under stirring for
0.5-3 hours, cooling the product;

5) after cooling and layer separation, decanting a super-
natant, adding absolute ethanol and stirring for dispersion,
and carrying out separation;

6) dispersing the product obtained in step 5) into deion-
ized water, filtering, and washing with water until pH value
of the filtrate becomes neutral, drying at 50-120° C. so as to
obtain a platinum/carbon nanotube catalyst wherein plati-
num nanoparticles are loaded on the outer surfaces of the
tube cavities of carbon nanotubes.

The invention provides a process for preparing the above
platinum/carbon nanotube catalyst wherein platinum nano-
particles are loaded inside the tube cavities of carbon
nanotubes, which comprises the main steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid with a concentration of 65-68
wt % at 110-160° C. for 4-16 hours, filtering and washing the
carbon nanotubes with water until pH value of the filtrate
becomes neutral, drying the carbon nanotubes at 50-120° C.
so as to obtain functionalized carbon nanotube carriers;

2) immersing the carbon nanotube carriers obtained in
step 1) in an aqueous chloroplatinic acid solution and
carrying out ultrasonic treatment at room temperature for
1-4 hours;

3) immersing the mixture of the carbon nanotubes and the
aqueous chloroplatinic acid solution obtained in step 2)
under stirring for 12-60 hours;

4) drying the material obtained in step 3) slowly at a
heating rate of 0.5° C./min from room temperature to 110°
C. and keeping at 110° C. for 12-48 hours;

5) grinding the product obtained in step 4) to fine pow-
ders, reducing the fine powders with an aqueous sodium
formate solution under a heating condition, filtering and
washing the product with deionized water, and drying the
product at 50-120° C. for 12-36 hours, so as to obtain a
platinum/carbon nanotube catalyst wherein platinum nano-
particles are loaded inside the tube cavities of carbon
nanotubes.

The invention provides a process for preparing the above
platinum/carbon nanotube catalyst wherein platinum nano-
particles are loaded on the outer surfaces of the tube cavities
of carbon nanotubes, which comprises the main steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid at 110-160° C. for 4-16
hours, filtering and washing the carbon nanotubes with

10

15

20

25

30

35

40

45

50

55

60

65

4

water until pH value of the filtrate becomes neutral, drying
the carbon nanotubes at 50-120° C. so as to obtain func-
tionalized carbon nanotube carriers;

2) adding xylene to the carbon nanotube carriers under
stirring and carrying out ultrasonic treatment for 1-4 hours;

3) adding an aqueous chloroplatinic acid solution to the
product obtained in step 2) under stirring, and then adding
deionized water, and stirring the product continuously for
15-30 minutes;

4) adding sodium formate to the product obtained in step
3) to perform reduction at 70-120° C. under stirring for 0.5-3
hours, and cooling the product;

5) after cooling and layer separation, decanting a super-
natant, adding absolute ethanol and stirring for dispersion,
and carrying out separation;

6) dispersing the product obtained in step 5) into deion-
ized water, filtering, and washing with water until pH value
of the filtrate becomes neutral, drying at 50-120° C. so as to
obtain a platinum/carbon nanotube catalyst wherein plati-
num nanoparticles are loaded on the outer surfaces of the
tube cavities of carbon nanotubes.

When a catalyst wherein platinum is loaded inside carbon
nanotubes is prepared, an aqueous solution of platinum salt,
that is, an aqueous chloroplatinic acid solution, is directly
used for ultrasonic treatment and immersing. By utilizing
the effects of adsorption and enrichment of the capillary
forces of carbon nanotubes with open ends (the open ends
are obtained by oxidation with nitric acid) for chloroplatinic
acid in the aqueous solution, chloroplatinic acid in the
aqueous solution is sufficiently or even completely enriched
inside the tube cavities of carbon nanotubes after a relative
long-time impregnation course. Thus, platinum nanopar-
ticles prepared by reduction are encapsulated inside the tube
cavities of carbon nanotubes.

When the platinum/carbon nanotube catalyst wherein
platinum nanoparticles are loaded on the outer surfaces of
the tube cavities of carbon nanotubes is prepared, firstly, the
carbon nanotube carriers are dispersed with an organic
solvent of xylene under a condition of ultrasonic treatment.
This operation makes the interior of the tube cavities of
carbon nanotubes and the spaces between the nanostructures
of the carbon nanotubes fully filled by the hydrophobic
solvent, xylene. Thus, when a short-time impregnation is
carried out by introducing an aqueous chloroplatinic acid
solution, the interior of the tube cavities of carbon nanotubes
is fully filled by the hydrophobic solvent, xylene, which
prevents the aqueous chloroplatinic acid solution from enter-
ing the interior of the nanotube cavities of carbon nanotubes
and therefore preventing the impregnation course of chlo-
roplatinic acid in the nanotube cavities of carbon nanotubes.
Under a condition of relative short-time stirring, the impreg-
nation course of the aqueous chloroplatinic acid solution
only happens on the outer surface of the carbon nanotubes
accessible easily. Thus, after reduction, the platinum/carbon
nanotube catalyst wherein platinum nanoparticles are loaded
exclusively on the outer surfaces of the tube cavities of
carbon nanotubes is prepared. The use of ethanol in the
following steps is mainly to extract, wash and remove the
oily solvent, xylene. Finally, the prepared catalyst is washed
with deionized water.

When the catalyst wherein platinum is loaded inside
carbon nanotubes is prepared, the capillary adsorption effect
of the tube cavities of carbon nanotubes for the platinum
metal precursor (chloroplatinic acid) in the aqueous solution
is utilized to enrich chloroplatinic acid inside the tube
cavities of carbon nanotubes under the capillary forces.
Thus, the catalyst wherein platinum is loaded inside carbon
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nanotubes is prepared. When the catalyst wherein platinum
nanoparticles are loaded on the outer surfaces of the tube
cavities of carbon nanotubes is prepared, the tube cavities of
the carbon nanotube carriers are filled with a hydrophobic
solvent, xylene firstly. This operation eliminates or prevents
the capillary adsorption effect for the aqueous chloroplatinic
acid solution so that the impregnation course only happens
on the outer surface of the carbon nanotubes accessible
easily. Thus, the catalyst wherein platinum nanoparticles are
loaded exclusively on the outer surfaces of the tube cavities
of carbon nanotubes is prepared.

The carbon nanotubes used in the invention are single-
wall carbon nanotubes or multi-wall carbon nanotubes,
wherein the inner diameter of the single-wall carbon nano-
tube is 2-15 nm, the outer diameter thereof is 2-15 nm, and
the inner diameter of the multi-wall carbon nanotube is 2-15
nm, the outer diameter thereof is 8-60 nm.

The concentration of the aqueous chloroplatinic acid
solution used in the invention is 0.8-10 mg Pt/ml. The
amount of the aqueous chloroplatinic acid solution as com-
pared with the carbon nanotubes is 5-60 ml/g.

An ultrasonic oscillator is used for the ultrasonic treat-
ment in the invention, wherein the output power of the
ultrasonic oscillator is 120-1000 W, the working frequency
thereof is 40-60 KHz.

The concentration of the aqueous sodium formate solution
used in the invention is 24-42 mg/ml, and the mole ratio of
sodium formate to the reduced platinum is 10-20:1.

The platinum/carbon nanotube catalyst of the invention is
used for the asymmetric hydrogenation of a-ketoester sub-
strates under the modification of a chiral modifier. The
reaction conditions are as follows: temperature 0-35° C.,
stirring speed 400-1800 rpm, hydrogen pressure 1.0-10
MPa. The substrates are a.-ketoesters, and the formula of
a-ketoesters is R;C(O)C(O)OR,, in which R, is CH;—,
C¢Hs— or CH4(CH,);—; R, is CH;— or C,Hs—. The
solvent is one or two selected from the group consisting of
methanol, ethanol, acetic acid, toluene, dichloromethane and
tetrahydrofuran.

Before use, the platinum/carbon nanotube catalyst of the
invention should be pretreated in a hydrogen gas stream at
200-400° C. for 1.5-2 hours.

The characters of the platinum/carbon nanotube catalysts
in the invention can be summarized as follows: mild con-
ditions, convenient preparation, concisely controlled prepa-
ration of the size and the location of platinum nanoparticles,
such as the well-controlled preparation of platinum nano-
particles uniformly distributed inside the nanochannels of
carbon nanotubes with the size of 2-4 nm. Compared with
the existing various catalysts for the heterogeneous asym-
metric hydrogenation of various a-ketoesters (including
various types of the commercial platinum-alumina catalysts
and the commercial platinum-active carbon catalysts), the
platinum-carbon nanotube catalysts prepared in the inven-
tion exhibit obviously much higher reactivity and relatively
higher or equal enantioselectivity.

The various features of novelty which characterize the
invention are pointed out with particularity in the claims
annexed to and forming a part of the disclosure. For a better
understanding of the invention, its operating advantages, and
specific objects attained by its use, reference should be had
to the drawing and descriptive matter in which there are
illustrated and described preferred embodiments of the
invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings:

FIGS. 1-2 are photographs by transmission electron
microscope (TEM) of the prepared platinum/carbon nano-
tube catalysts Pt-in-CNTs (the platinum particles are loaded
inside the tube cavities of carbon nanotubes, wherein the
rulers in both figures are the same, that is, 20 nm).

FIGS. 3-4 are photographs by transmission electron
microscope of the prepared platinum/carbon nanotube cata-
lysts Pt-out-CNTs (the platinum particles are loaded outside
of the tube cavities of carbon nanotubes, wherein the rulers
in both figures are the same, that is, 20 nm).

FIG. 5 is a photograph by transmission electron micro-
scope of a 5% Pt/C catalyst prepared in laboratory.

FIG. 6 is a photograph by transmission electron micro-
scope of a commercial 5% Pt/C catalyst.

DETAILED DESCRIPTION OF THE
PRESENTLY PREFERRED EMBODIMENTS

The preparation of the platinum/carbon nanotube cata-
lysts and the asymmetric hydrogenation reaction according
to the invention are described in details respectively as
follows:

1) The preparation of carbon nanotube carriers

Purified carbon nanotubes with a certain geometrical
shape are treated with concentrated nitric acid (65-68 wt %),
heated under stirring for 4-16 h at a heating temperature of
110-160° C. Then, the carbon nanotubes are filtered and
washed with water until pH value of the filtrate becomes
neutral, and dried in a drier at 50-120° C. for 12-24 h to
obtain black carriers of functionalized carbon nanotubes.
These functionalized carbon nanotubes are used for prepar-
ing a platinum/carbon nanotube catalyst wherein platinum
nanoparticles are loaded inside the tube cavities of carbon
nanotubes (denoted by Pt-in-CNTs) and a platinum/carbon
nanotube catalyst wherein platinum nanoparticles are loaded
on the outer surfaces of the tube cavities of carbon nanotubes
(denoted by Pt-out-CNTs).

2) Immersion with ultrasonic treatment

The functionalized carbon nanotube carriers are
immersed in an aqueous chloroplatinic acid solution at a
certain concentration and ultrasonic treated at room tem-
perature in an ultrasonic oscillator for 1-4 h.

The carbon nanotube carriers to be immersed can be
single-wall carbon nanotubes, double-wall carbon nano-
tubes, or multi-wall carbon nanotubes. In view of the
applicability of preparation, economy and the scope of
application, the multi-wall carbon nanotubes are preferable.

The concentration of the aqueous chloroplatinic acid
solution used for immersion is 0.8-10 mg Pt/ml. The amount
of the aqueous solution as compared with the carbon nano-
tubes is 5-60 ml/g. Based on the mass of platinum metal, the
addition amount of chloroplatinic acid used for immersion is
in a loading amount of 2-10%, generally, a loading amount
of about 5%. The output power of the ultrasonic oscillator
for immersion with ultrasonic treatment is 120-1000 W, the
working frequency thereof is 40-60 KHz.

3) Immersion under stirring

The mixture of the carbon nanotubes and the aqueous
chloroplatinic acid solution obtained in step 2) is put into a
glass container (such as, a flask), immersed under stirring for
12-60 hours.
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4) Controlled drying

The material obtained in step 3) is slowly dried at a
heating rate of 0.5° C./min from room temperature to 110°
C. and kept at 110° C. for 12 h-48 h to obtain a black solid.

5) Reduction

The dried black solid obtained in step 4) is crushed and
ground to fine powders. The catalyst precursor is reduced
with an aqueous sodium formate solution at a certain con-
centration under heating. After the reduction, the product is
filtered, washed with deionized water and dried in a drier at
50-120° C. for 12-36 h.

By the preparation process of steps 1-5, the platinum/
carbon nanotube catalyst wherein platinum nanoparticles are
assembled inside the tube cavities of carbon nanotubes
(denoted by Pt-in-CNTs) is obtained.

The concentration of the aqueous sodium formate solution
used for reduction is 24-42 mg/ml, and the mole ratio of
sodium formate to the reduced platinum is 10-20:1. The
heating manner used in the reduction is oil bath heating at a
temperature of 70-120° C.

The reduction time is 30-180 min.

The process for preparing the platinum/carbon nanotube
catalyst wherein platinum nanoparticles are loaded on the
outer surfaces of the tube cavities of carbon nanotubes
(denoted by Pt-out-CNTs) is described below, which mainly
comprises the steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid at 110-160° C. for 4-16
hours, filtering and washing the carbon nanotubes with
water until pH value of the filtrate becomes neutral, drying
the carbon nanotubes at 50-120° C. so as to obtain func-
tionalized carbon nanotube carriers;

2) adding xylene to the carbon nanotube carriers under
stirring and carrying out ultrasonic treatment for 1-4 hours;

3) adding an aqueous chloroplatinic acid solution to the
product obtained in step 2) under stirring, and then adding
deionized water, and stirring the product continuously for
15-30 minutes;

4) adding sodium formate to the product obtained in step
3) to perform reduction at 70-120° C. under stirring for 0.5-3
hours, and cooling the product; wherein the mole ratio of
sodium formate to the reduced platinum is 10-20:1, and the
heating manner used in the reduction is oil bath heating at a
temperature of 70-120° C.;

5) after cooling and layer separation, decanting a super-
natant, adding absolute ethanol and stirring for dispersion,
and carrying out separation;

6) dispersing the product obtained in step 5) into deion-
ized water, filtering, and washing with water until pH value
of the filtrate becomes neutral, drying at 50-120° C. so as to
obtain a platinum/carbon nanotube catalyst wherein plati-
num nanoparticles are loaded on the outer surfaces of the
tube cavities of carbon nanotubes.

The above catalysts are applied in the asymmetric hydro-
genation according to the following steps:

The dried catalyst prepared in the steps described above
is pretreated in a hydrogen gas stream firstly, then modified
by a chiral modifier and applied to the heterogeneous
asymmetric hydrogenation of a-ketoester substates under a
certain hydrogen pressure, and very high reactivity and
enantioselectivity can be obtained.

Before use, the catalyst should be pretreated in a hydrogen
gas stream at 200-400° C. for 1.5-2 h. The chiral modifier is
a natural alkaloid, such as cinchonidine or dihydrocinchoni-
dine, and can also be other cinchona alkaloids with optical
activity.
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The asymmetric hydrogenation is carried out in an auto-
clave reactor at a temperature of 0-35° C., a stirring speed of
400-1800 rpm and a hydrogen pressure of 1.0-10 MPa.
When the hydrogen pressure does not change any longer, the
asymmetric hydrogenation reaction reaches the end. The
mole ratio of the substrate to the catalyst is 12000-200:1.
The substrates are a-ketoesters, and the formula of a-ke-
toesters is R, C(O)C(O)OR,, in which R is CH,—, C;H,—
or C,Hs(CH,);—; R, is CH;— or C,Hs—. The solvent is
one or two selected from the group consisting of methanol,
ethanol, acetic acid, toluene, dichloromethane and tetrahy-
drofuran.

The asymmetric hydrogenation of a-ketoester substrates
(such as ethyl pyruvate and methyl pyruvate) catalyzed by
the chiral modifier-modified platinum/carbon nanotube (Pt-
in-CNTs) catalyst can achieve very high enantioselectivity
(ee value of 80-96%) and activity (TOF can be up to
6-12x10* h™! or more).

The whole process is illustrated through the examples in
detail below, however, the scopes of the claims of the
invention is not limited to these examples. At the same time,
the examples only present part of the conditions to realize
the goal of the invention, but it’s not absolutely necessary to
satisfy these conditions to realize the goal of the invention.

EXAMPLE 1

The preparation of functionalized carbon nanotube carri-
ers

4.0 g purified carbon nanotubes (average inner diameter
4-8 nm, outer diameter 10-20 nm) (multi-wall carbon nano-
tubes, a product from Times Nano Co., Chengdu, China)
were weighed and put into a 250 mL round bottom flask. A
magnetic stirring bar was put into the flask. 200 ml concen-
trated nitric acid (65-68%) was added. The flask was
equipped with a reflux condenser, heated to 110-160° C. in
an oil bath, stirred for 4-16 hours, and cooled. The carbon
nanotubes were filtered and washed with deionized water
until pH value of the filtrate became neutral. Then, the
carbon nanotubes were dried in an oven at 50-120° C. for
12-24 h. Thus, the functionalized carbon nanotube carriers
were obtained.

EXAMPLE 2

The preparation of a platinum/carbon nanotube catalyst
wherein platinum nanoparticles are loaded inside the tube
cavities of carbon nanotubes

1) In a round bottom flask, 2.72 ml of an aqueous
chloroplatinic acid solution (with a concentration of 18.5 mg
Pt/ml, 5% Pt loading amount) was added into 20 ml of
deionized water, and mixed uniformly by magnetic stirring.
Then, 1.0 g the dried carbon nanotube carriers (which had
been functionalized) were added and ultrasonic treated in an
ultrasonic oscillator for 1-4 h.

2) The mixture was continuously immersed for 12 h or
more under stirring.

3) The material obtained in step 2) was dried slowly at a
heating rate of 0.5° C./min from room temperature to 110°
C. and keeping at 110° C. for 48 hours.

4) The catalyst precursor obtained in step 3) was reduced
in an aqueous sodium formate solution (the addition amount
of sodium formate was about 10-20 times more than the
molar amount of the loaded platinum, 70-120° C.). After the
reduction, the product was filtered, washed with deionized
water, and dried in a dryer at 50-120° C. for 12-36 hours.
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By the preparation process with steps 1-4, the platinum/
carbon nanotube catalyst wherein platinum nanoparticles are
assembled inside the tube cavities of carbon nanotubes
(denoted by Pt-in-CNTs-1) was obtained. The platinum/
carbon nanotube catalyst was characterized by transmission
electron microscopy (TEM) (the carriers were multi-wall
carbon nanotubes, a product from Times Nano Co.,
Chengdu, China) (FIGS. 1-2 were the photographs thereof
by transmission electron microscope), wherein the particle
diameter of the formed platinum nanoparticles was 2-4 nm.

EXAMPLE 3

This procedure was exactly analogous to that described in
Example 2, except that the size of the functionalized carbon
nanotube carrier was changed to outer diameter 8 nm and
inner diameter 3-4 nm. The preparation process of the
functionalized carbon nanotube carriers was similar to that
in Example 1. The catalyst prepared was denoted by Pt-in-
CNTs-2.

EXAMPLE 4

The preparation of a platinum/carbon nanotube catalyst
wherein platinum nanoparticles are loaded on the outer
surfaces of the tube cavities of carbon nanotubes

1) 1.0 g dried carbon nanotube carriers (which had be
functionalized) (average inner diameter 4-8 nm, outer diam-
eter 10-20 nm) (the carriers were multi-wall carbon nano-
tubes, a product from Times Nano Co., Chengdu, China)
were weighed and put into a 50 ml round bottom flask. The
flask was added with 20 g (about 23.3 ml) xylene under
stirring and then ultrasonic treated in an ultrasonic oscillator
for 2-4 h.

2) To the mixture obtained in step 1), 2.72 ml of an
aqueous chloroplatinic acid solution (with a concentration of
18.5 mg Pt/ml), then 5.7 ml deionized water were added, and
then the mixture was stirred for 15-30 min.

3) Sodium formate (99.5%, 362.4 mg) was added to the
mixture to carry out reduction under stirring.

4) A supernatant was decanted after layer separation, the
residue was added with 40 ml absolute ethanol and stirred
for 10 min. After separation by centrifugation, the clear
solution was separated and the carbon nanotube catalyst was
washed with 40 ml absolute ethanol, then centrifuged and
separated. The catalyst was washed with absolute ethanol for
4-5 times in this manner (in order to remove xylene by
washing).

5) The carbon nanotube catalyst obtained in step 4) was
re-dispersed into deionized water, filtered, and washed with
deionized water until pH value of the filtrate became neutral,
and then dried.

By the preparation process with steps 1-5, the platinum/
carbon nanotube catalyst wherein platinum nanoparticles are
loaded on the outer surfaces of the tube cavities of carbon
nanotubes was obtained (FIGS. 3-4 were the photographs
thereof by transmission electron microscopy). The prepared
catalyst was denoted by Pt-out-CNTs. The particle diameter
of the platinum nanoparticles loaded on the outer surfaces of
the tube cavities of carbon nanotubes was 2-4 nm.

EXAMPLE 5

A commercial active carbon (GH-16 Active Carbon, BET
specific surface area: ~1100 m2/g, pore volume: 0.607
ml./g, a product from Beijing Guanghua Woods Plant, which
had been functionalized according to the manner for treating
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carbon nanotubes) was selected as the carriers. 2.72 ml of an
aqueous chloroplatinic acid solution (with a concentration of
18.5 mg Pt/ml, 5% Pt loading amount) was added into 20 ml
of deionized water, and mixed uniformly by magnetic stir-
ring. Then, 1.0 g the dried active carbon carriers were added
and immersed for 4-5 h under magnetic stirring, and then
dried at 110° C. for 48 h. The platinum/active carbon catalyst
precursor was reduced according to the method in step 4) in
Example 2. A loaded platinum/active carbon catalyst was
obtained after filtering and washing. The obtained catalyst
was denoted by Pt/C (Lab.). FIG. 5 was the photograph
thereof by transmission electron microscopy.

EXAMPLE 6

A commercial platinum/carbon catalyst (5% Pt loading
amount) (a 5% platinum/active carbon catalyst, a product
from Shanxi Kaida Chemical Industry Company, product
series NO. 202, China) is purchased for reaction. The
catalyst was denoted by Pt/C. FIG. 6 was the photograph
thereof by transmission electron microscopy.

EXAMPLE 7

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

1) 20 mg of the Pt-in-CNTs-1 catalyst prepared in
Example 2 was weighed and pretreated in a hydrogen gas
stream at 225° C. for 2 h.

2) Then, 0.20 ml of ethyl pyruvate, 4 ml of acetic acid, 20
mg of the pretreated catalyst, and 4.0 mg of cinchonidine
were added into a reaction container in a 100 ml autoclave,
and the autoclave was sealed.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
gen gas at about 6.50 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. The reaction was
stopped after 3 min at room temperature. The catalyst was
separated from the liquid product by centrifugation. The
product was analyzed on a chiral gas chromatograph column
(HP19091G-B213, 30 mx0.32 mmx0.25 um, Agilent Co.).
The conversion was 100%, and the enantiomeric excess(ee)
value was 92%.

EXAMPLE 8

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

This procedure was exactly analogous to that described in
Example 7, except that the pretreatment condition of step 1
in Example 7 was changed, that is, the Pt-in-CNTs-1 catalyst
was pretreated at 400° C. for 2 h. The conversion was 100%,
and the ee value of the hydrogenation products was 90%.

EXAMPLE 9

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 7, except that the catalyst used in step 1 of Example
7 was changed to the Pt-in-CNTs-2 catalyst prepared in
Example 3. The conversion was 100%, and the ee value of
the hydrogenation products was 88%.
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EXAMPLE 10

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 7, except that the catalyst used in step 1 of Example
7 was changed to the Pt-out-CNTs catalyst prepared in
Example 4, and the reaction time in step 3 of Example 7 was
change to be 25 min. The conversion was 99.3%, and the ee
value of the hydrogenation products was 75.2%.

EXAMPLE 11

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 10, except that the catalyst used was the Pt-out-
CNTs catalyst prepared in Example 4, and the reaction time
in step 3 of Example 10 was change to be 12 min. The
conversion was 84.9%, and the ee value of the hydrogena-
tion products was 75.1%.

EXAMPLE 12

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 10, except that the catalyst used was the Pt-out-
CNTs catalyst prepared in Example 4, and the reaction time
in step 3 of Example 10 was change to be 6 min. The
conversion was 32.5%, and the ee value of the hydrogena-
tion products was 69.4%.

EXAMPLE 13

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 7, except that the catalyst used in step 1 of Example
7 was changed to the Pt/C(Lab.) catalyst prepared in
Example 5, and the reaction time in step 3 of Example 7 was
change to be 15 min. The conversion was 30%, and the ee
value of the hydrogenation products was 52%.

EXAMPLE 14

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

The procedure was exactly analogous to that described in
Example 7, except that the catalyst used in step 1 of Example
7 was changed to the commercial Pt/C catalyst obtained in
Example 6, and the reaction time in step 3 of Example 7 was
change to be 30 min. The conversion was 99%, and the ee
value of the hydrogenation products was 54%.

EXAMPLE 15

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

1) 10 mg Pt-in-CNTs-1 catalyst was weighed and pre-
treated in a hydrogen gas stream at 225° C. for 2 h.

2) 10 mg of the pretreated catalyst and 2 ml of acetic acid
were added into a reaction container in a 100 ml autoclave,
and the autoclave was pre-hydrogenated for 5-15 min. Then
other materials were introduced. The autoclave was sealed.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
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gen gas at about 5.0 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. After the reaction,
the catalyst was separated from the liquid product by cen-
trifugation. The product was analyzed on a chiral gas
chromatograph column (HP19091G-B213, 30 mx0.32
mmx0.25 um, Agilent Co.). The conversion was 100%, and
the ee value was 95%.

EXAMPLE 16

The heterogeneous asymmetric hydrogenation of ethyl
2-o0x0-4-phenyl-butyrate (EOPB)

The procedure was exactly analogous to that described in
Example 7, except that: the catalyst was 10 mg Pt-in-
CNTs-1 obtained in Example 2, the substrate in step 2 of
Example 7 was changed to 0.10 ml ethyl 2-ox0-4-phenyl-
butyrate, the reaction time in step 3 of Example 7 was
change to be 6 min, and the hydrogen pressure was changed
to 5.8 MPa. The conversion was 98.3%, and the ee value of
the hydrogenation products was 86.4%.

EXAMPLE 17

The heterogeneous asymmetric hydrogenation of ethyl
2-o0x0-4-phenyl-butyrate (EOPB)

The procedure was exactly analogous to that described in
Example 7, except that: the catalyst used was changed to 10
mg commercial 5% Pt/Al,0; catalyst (E 4759, Engelhard
Co.) pretreated in a hydrogen gas stream at 400° C. for 2 h,
the substrate used in step 2 of Example 7 was changed to
0.10 ml ethyl 2-oxo-4-phenyl-butyrate, the reaction time in
step 3 of Example 7 was change to be 60 min, and the
hydrogen pressure was changed to 5.8 MPa. The conversion
was 98.3%, and the ee value of the hydrogenation products
was 83.0%.

EXAMPLE 18

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

1) 20 mg commercial 5% Pt/Al,0O; catalyst was weighed
and pretreated in a hydrogen gas stream at 400° C. for 2 h.

2) Then, as the operations in step 2 of Example 7, 0.20 ml
of ethyl pyruvate, 4 ml of acetic acid, 20 mg of the pretreated
catalyst, and 4.0 mg of cinchonidine were added into a
reaction container in a 100 ml autoclave, and the autoclave
was sealed.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
gen gas at about 6.50 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. The reaction was
stopped after 18 min at room temperature. The catalyst was
separated from the liquid product by centrifugation. The
product was analyzed on a chiral gas chromatograph col-
umn. The conversion was 99.3%, and the ee value was
90.1%.

EXAMPLE 19

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

1) The operation was exactly analogous to that of step 1
in Example 17, except that 10 mg commercial 5% Pt/Al,O,
catalyst was pretreated in a hydrogen gas stream at 400° C.
for 2 h.

2) The operation was exactly analogous to that of step 2
in Example 17, except that the amounts of reactants were
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reduced to half according to the amount of the catalyst. That
is, 0.10 ml of ethyl pyruvate, 2 ml of acetic acid, 10 mg of
the pretreated catalyst, and 2.0 mg of cinchonidine were
used.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
gen gas at about 6.50 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. The reaction was
stopped after 5 min at room temperature. The catalyst was
separated from the liquid product by centrifugation. The
product was analyzed on a chiral gas chromatograph col-
umn. The conversion was 80.6%, and the ee value was
88.7%.

EXAMPLE 20

1) The operation was exactly analogous to that of step 1
in Example 17, except that 10 mg commercial 5% Pt/Al,O;
catalyst was pretreated in a hydrogen gas stream at 400° C.
for 2 h.

2) The operation was exactly analogous to that of step 2
in Example 17, except that 5 mg of cinchonidine, 0.10 ml of
ethyl pyruvate, 10 mg of the pretreated catalyst, 2 ml of
acetic acid were used.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
gen gas at about 6.50 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. The reaction was
stopped after 200 seconds at room temperature. The catalyst
was separated from the liquid product by centrifugation. The
product was analyzed on a chiral gas chromatograph col-
umn. The conversion was 91.8%, and the ee value was
89.8%.

EXAMPLE 21

The heterogeneous asymmetric hydrogenation of ethyl
pyruvate

1) The operation was exactly analogous to that of step 1
in Example 17, except that 10 mg Pt-in-CNTs-1 catalyst was
pretreated in a hydrogen gas stream at 225° C. for 2 h.

2) The operation was exactly analogous to that of step 2
in Example 17, except that the amounts of reactants were
reduced to half according to the amount of the catalyst. The
addition amount of cinchonidine was 2 mg.

3) The autoclave sealed in step 2) was purged with
hydrogen gas, and then introduced with high purity hydro-
gen gas at about 6.50 MPa. An asymmetric hydrogenation
was carried out under magnetic stirring. The reaction was
stopped after 2 min at room temperature. The catalyst was
separated from the liquid product by centrifugation. The
product was analyzed on a chiral gas chromatograph col-
umn. The conversion was 96.0%, and the ee value was
91.6%.

EXAMPLE 22

The heterogeneous asymmetric hydrogenation of methyl
pyruvate

The procedure was exactly analogous to that of Example
7. The catalyst was Pt-in-CNTs-1 catalyst pretreated in a
hydrogen gas stream at 225° C. for 2 h. The conversion was
100%, and the ee value of the hydrogenation products was
93%.

In summary, by the functionalization of carbon nanotube
materials and the special preparation methods developed in
this invention, platinum nanoparticles are assembled exclu-
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sively inside the tube cavities of carbon nanotubes, or loaded
exclusively on the outer surfaces of the tube cavities of
carbon nanotubes, and the size (a diameter of 2-4 nm) and
distribution of platinum nanoparticles can be well con-
trolled. Compared with the existing various catalysts for the
heterogeneous asymmetric hydrogenation of various a-ke-
toesters (including various types of the commercial plati-
num-alumina catalysts and the commercial platinum-active
carbon catalysts), the platinum-carbon nanotube catalysts
prepared in the invention exhibit obviously much higher
reactivity and relatively higher or equal enantioselectivity.
Thus, they show very captivating commercial applications
and prospects.

The invention is not limited by the embodiments
described above which are presented as examples only but
can be modified in various ways within the scope of pro-
tection defined by the appended patent claims.

What is claimed:

1. A platinum/carbon nanotube catalyst for heterogeneous
asymmetric hydrogenation wherein platinum nanoparticles
are loaded on the outer surfaces of the tube cavities of
carbon nanotubes, said platinum/carbon nanotube catalyst
takes carbon nanotubes as carriers, and said platinum nano-
particles are 2-10 wt % based on the weight of the carbon
nanotubes loaded with the platinum nanoparticles, wherein
the platinum/carbon nanotube catalyst is prepared by the
steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid at 110-160° C. for 4-16
hours, filtering and washing the carbon nanotubes with
water until pH value of the filtrate becomes neutral,
drying the carbon nanotubes at 50-120° C. so as to
obtain functionalized carbon nanotube carriers;

2) adding xylene to the carbon nanotube carriers under
stirring and carrying out ultrasonic treatment for 1-4
hours;

3) adding an aqueous chloroplatinic acid solution to the
product obtained in step 2) under stirring, and then
adding deionized water, and stirring the product con-
tinuously for 15-30 minutes;

4) adding sodium formate with a purity 299.5 wt % to the
product obtained in step 3) to perform reduction at
70-120° C. under stirring for 0.5-3 hours, and cooling
the product;

5) after cooling and layer separation, decanting a super-
natant, adding absolute ethanol and stirring for disper-
sion, and carrying out separation; and

6) dispersing the product obtained in step 5) into deion-
ized water, filtering, and washing with water until pH
value of the filtrate becomes neutral, drying at 50-120°
C. 50 as to obtain a platinum/carbon nanotube catalyst
wherein platinum nanoparticles are loaded on the outer
surfaces of the tube cavities of carbon nanotubes.

2. A process for preparing the platinum/carbon nanotube
catalyst wherein platinum nanoparticles are loaded on the
outer surfaces of the tube cavities of carbon nanotubes as
claimed in claim 1, comprising the steps of:

1) preparing carbon nanotube carriers by treating purified
carbon nanotubes in nitric acid with a concentration of
65-68 wt % at 110-160° C. for 4-16 hours, filtering and
washing the carbon nanotubes with water until pH
value of the filtrate becomes neutral, drying the carbon
nanotubes at 50-120° C. so as to obtain functionalized
carbon nanotube carriers;

2) adding xylene to the carbon nanotube carriers under
stirring and carrying out ultrasonic treatment for 1-4
hours;
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3) adding an aqueous chloroplatinic acid solution to the
product obtained in step 2) under stirring, and then
adding deionized water, and stirring the product con-
tinuously for 15-30 minutes;

4) adding sodium formate with a purity =99.5 wt % to the
product obtained in step 3) to perform reduction at
70-120° C. under stirring for 0.5-3 hours, and cooling
the product;

5) after cooling and layer separation, decanting a super-
natant, adding absolute ethanol and stirring for disper-
sion, and carrying out separation; and

6) dispersing the product obtained in step 5) into deion-
ized water, filtering, and washing with deionized water
until pH value of the filtrate becomes neutral, drying at
50-120° C. so as to obtain a platinum/carbon nanotube
catalyst wherein platinum nanoparticles are loaded on
the outer surfaces of the tube cavities of carbon nano-
tubes.

3. The process as claimed in claim 2, wherein the carbon
nanotubes are single-wall carbon nanotubes or multi-wall
carbon nanotubes.

4. The process as claimed in claim 2, wherein the con-
centration of the aqueous chloroplatinic acid solution is
0.8-10 mg Pt/ml, and the amount of the aqueous chloropla-
tinic acid solution as compared with the carbon nanotubes is
5-60 ml/g.

5. The process as claimed in claim 2, wherein an ultra-
sonic oscillator is used for the ultrasonic treatment, wherein
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the output power of the ultrasonic oscillator is 120-1000 W,
the working frequency thereof is 40-60 KHz.
6. The process as claimed in claim 2, wherein the con-
centration of the aqueous sodium formate solution is 24-42
mg/ml, and the mole ratio of sodium formate to the reduced
platinum is 10-20:1.
7. A process for asymmetric hydrogenation of a-ketoester
substrates comprising conducting the asymmetric hydroge-
nation of a-ketoester substrates in the presence of the
platinum/carbon nanotube catalyst of claim 1 and under the
modification of a chiral modifier, wherein:
the substrates are a.-ketoesters, and the formula of a-ke-
toesters is R;C(O)C(O)OR,, in which R, is CH;—,
CHs— or C;H4(CH,);—; R, is CHy— or C,Hs—;

the chiral modifier is one or more selected form cinchona
alkaloids;

the solvent is one or two selected from the group con-

sisting of methanol, ethanol, acetic acid, toluene,
dichloromethane and tetrahydrofuran; and

the hydrogenation is carried out at a temperature of 0-35°

C., a stirring speed of 400-1800 rpm and a hydrogen
pressure of 1.0-10 MPa.

8. The process of claim 7, wherein the platinum/carbon
nanotube catalyst is pretreated in a hydrogen gas stream at
200-400° C. for 1.5-2 hours before use.

9. The process of claim 7, wherein the cinchona alkaloid
is cinchonidine or dihydrocinchonidine.
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